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1 Introduction
During the last several meetings, RAN1 discussed the OTDOA positioning support for LTE Rel-9, and some basic concepts were agreed, such as time of arrival (ToA) measurement, subframe structure, guidelines for positioning reference signal (PRS) pattern [1]. 
In this contribution, we discuss the PRS designs from another aspect, and evaluate the positioning performance with different PRS modulation sequences. 
2 PRS modulation sequences
As shown in [2], PRSs modulated by a sequence can reduce PAPR, which in turn requires less power backoff and gives better positioning performance. Two PRS modulation sequences are studied. One is pseudo-random QPSK sequences as used for DL CRS, and the other is Zadoff-Chu (ZC) sequences as used for UL DMRS and PRACH. It is well know that ZC sequences have advantages in both PAPR and correlation properties.
The purpose of this contribution is to compare the positioning performance of different PRS modulation sequences, E-IPDL [Figure 2, 3] is chosen as one typical PRS pattern to be evaluated. For ZC sequences, the cells with the same time-frequency pattern are distinguished by the sequences cyclically shifted in the frequency domain.
3 Performance evaluation

3.1 Simulation assumptions

The positioning performance with different PRS modulation sequences is evaluated in this section. Since the neighbouring-cell interference is the main limitation to the ToA measurement, 57 cells (19 sites*3=57cells) are explicitly modelled to accurately capture the interference situation, as shown in Figure 1.
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Fig. 1 Neighboring-cell interference modeling
For simplification, the ToA measurement is based on one subframe without time accumulation, and the PRS occupies the whole system bandwidth. The simulation assumptions are listed in Appendix A. For E-IPDL time-frequency pattern, the PRS spacing in frequency is 6 subcarriers, so a power boosting of 7.78dB is used to maintain the transmit power of PRS symbols the same as that of other DL symbols. However, no power boosting is assumed to CRS due to backwards compatibility to Rel-8 [4]. With respect to the PAPR impact of PRS modulation sequence on the transmit power, the power backoff values of different sequences are summarized in Appendix B.
The simulation steps are described as follows,

· Drop the UE randomly at a position in the serving cell and use system simulator to obtain path losses and propagation delays from all cells.
· Generate the radio frame signals explicitly for all cells, where the PRS pattern and sequence  assignments are tied to the cell IDs using the following rules,
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are the number of PRS pattern and sequence, respectively.

·  Combine the transmit signals from all cells with different path losses and propagation delays to produce the received signal. The received signal is then correlated in time-domain with the PRSs of all cells. Since only PRSs are used for ToA measurements, the CRS symbols are not used in the correlation.

· Implement the timing detection to estimate the ToA values.

· Calculate the positioning error based on the algorithm given in [5].
3.2 Simulation results
Figure 2 shows the CDF curves of positioning errors with PRSs modulated by pseudo-random QPSK sequences or ZC sequences in 1.4 MHz systems, respectively. It can be seen that the performance gain of ZC sequences is significant when the system bandwidth is small. 
In 1.4 MHz system, the channel is relatively flat and the advantage of cross-correlation properties becomes more obvious than that in large system bandwidth. In addition, the positioning performance is mainly restricted by the neighboring-cell interference when ISD is small. Therefore, the advantage of ZC sequences with lower cross-correlation properties shows significantly in case of ISD=500 m.
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                              (a) ISD=500 m                                                                (b) ISD=1732 m
Fig. 2 Positioning errors for 1.4 MHz bandwidth
4 Conclusion
This contribution discusses the PRS modulation sequences for OTDOA positioning in LTE Rel-9. Considering lower PAPR and lower cross-correlation properties of ZC sequences, we prefer ZC sequences to be used as PRS modulation sequences. Our simulation results also confirm these advantages of ZC sequences to pseudo-random QPSK sequences in small system bandwidth.
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Appendix A
Table 1 Simulation assumptions

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m, 1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Penetration loss and UE speed
	20 dB, 3 km/h 



	System bandwidth
	1.4MHz

	eNB power
	1.4MHz-43dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB


	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU

	Network synchronization
	Synchronous

	Positioning subframe
	Normal subframe and normal CP

	Number of transmit antennas
	1

	Number of receive antennas
	2

	False alarm rate
	1%

	Search window length
	4 km


Appendix B
Table 2 Power backoff for 57 cells
	Power backoff

(dB)
	1.4 MHz

	
	pseudo-random QPSK sequences
	ZC sequences

	Cell 0 – Cell 5
	5.3967
	4.8000

	Cell 6 – Cell 11
	5.5918 
	4.8000

	Cell 12 – Cell 17
	5.8499 
	4.8000

	Cell 18 – Cell 23
	5.9744
	4.8000

	Cell 24 – Cell 29
	6.0261
	4.8000

	Cell 30 – Cell 35
	6.1218
	4.8000

	Cell 36 – Cell 41
	6.1682
	4.8000

	Cell 42 – Cell 47
	6.1954
	4.8000

	Cell 48 – Cell 53
	6.2817
	4.8000

	Cell 54 – Cell 56
	6.3485
	4.8000
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